Influence of lipid headgroup on the specificity and exchange dynamics in lipid-protein interactions. A spin-label study of myelin proteolipid apoprotein-phospholipid complexes.
The pH and salt dependences of the interaction of phosphatidic acid, phosphatidylserine, and stearic acid with myelin proteolipid apoprotein (PLP) in dimyristoylphosphatidylcholine (DMPC) recombinants have been studied by electron spin resonance spectroscopy, using spin-labeled lipids. The two-component spin-label spectra have been analyzed both by spectral subtraction and by simulation using the exchange-coupled Bloch equations to give the fraction of lipids motionally restricted by the protein and the rate of lipid exchange between the fluid and motionally restricted lipid populations. For stearic acid, phosphatidic acid, and phosphatidylserine, the fraction of motionally restricted spin-label increases with increasing pH, with pKa's of 7.7, 7.6, and ca. 9.4, respectively. The corresponding pKa's for the bulk lipid regions of the bilayer are estimated, from changes in the ESR spectra, to be 6.7, 7.4, and 11, respectively. In the dissociated state at pH 9.0, the fraction of motionally restricted component decreases with increasing salt concentration, reaching an approximately constant value at [NaCl] = 0.5-1.0 M for all three negatively charged lipids. The net decreases for stearic acid and phosphatidic acid are considerably smaller (by ca. 30%) than those obtained on protonating the two lipids, whereas for phosphatidylserine the fraction of motionally restricted lipid in high salt is reduced to that corresponding to phosphatidylcholine. For a fixed lipid/protein ratio, the on-rate for exchange at the lipid-protein interface is independent of the degree of selectivity and has a shallow temperature dependence, as expected for a diffusion-controlled process.(ABSTRACT TRUNCATED AT 250 WORDS)